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BALL MOUNTAIN LAKE
DAM-BREAK FLOOD ANALYSIS

1. INTRODUCTION AND PURPOSE

This report presents the findings of a dam-break flood analysis
performed for Ball Mountain Dam, an existing Corps of Engineers flood
control project, which is located on the West River in Jamaica,
Vermont. The dam is situated approximately 29.5 miles upstream from
Brattleboro, Vermont and the West River's confluence with the Con-
necticut River. Included in the report are a description of the perti-
nent features of the dam, the procedure used for the analysis, the as-
sumed dam-break conditions and resulting effect on downstream flooded
areas, and the effects of varying conditions (sensitivity tests) on
the resulting downstream flood. This study was not performed because
of any known likelihood of a dam-break at Ball Mountain Dam. Its
only purpose was to provide quantitative information for emergency
planning use in accordance with Corps of Engineers Regulations
(ER 1130-2-419).

2. PROCEDURE

The Ball Mountain dam-break analysis was made using the "National
Weather Service Dam-Break Flood Forecasting Computer Model", de-
veloped by D. L. Fread, Research Hydrologist, Office of Hydrology,
National Weather Service, NOAA, Silver Spring, Maryland 20910,

Input to the model consists of: (a) storage characteristics of the
reservoir, (b) selected geometry and duration of the breach develop-
ment, and {c) hydraulic characteristics of the downstream river chan-
nel including tributary inflows, hydraulic roughness coefficients,
and active and inactive flow regions. Based on the input data, the
model computes the dam-break outflow hydrograph and routes it down-
stream. Dynamic unsteady flow routing is performed by a "honing"
iterative process governed by the requirements of both the principle
of the conservation of the mass and the principle of the conservation
of momentum. The analysis provides output on the attenuation of the
flood hydrograph, resulting flood stages, and timing of the flood
wave as it progresses downstream.

The approach used in this hypothetical dam-break analysis was to
first apply the model using a selected set of conditions thought to
be reasonably possible to exist in a failure situation. The flood
wave resulting from this analsis is termed the Base Flood Condition.
Because any one of the major variables used in the model (initial
pool elevation, antecedent riverfiow, time of breach development,
etc.) could in fact have different values or occur in different con-
ditions from those used in the Base Flood determination, sensitivity
analyses were employed to determine the effects upon the flood wave
resulting from changed values of these parameters.



3. DESCRIPTION OF STUDY AREA

a. General. The study area extends from the Ball Mountain Dam,
downstream along the West River to the Connecticut River, then down-
stream along the Connecticut River to the Vernon Hydroelectric
Project, a total distance of 36.7 river miles. Included within this
reach is the Townshend Dam, another Corps of Engineers flood control
dam. The main purpose for Ball Mountain and Townshend Dams is to
attenuate and desynchronize floodflows on the mainstream Connecticut
River, although they also provide flood protection for the local
communities along the West River and are sources of water based
recreational facilities. Along the study reach, the drainage area
increases from 172 square miles at Ball Mountain Dam to 423 square
miles at the mouth of the West River and then to 6,266 square miles
at Vernon Dam. The major tributaries in the West River basin include
the Winhall and Rock Rivers and the Ball Mountain and Wardsboro
Brooks. A map of the West River basin is shown on plate 1 and a map
showing the relationship of the West River projects to the Connecticut
River basin is provided on plate 2.

b. Ball Mountain Dam. This dam was constructed in the town of
Jamaica, Vermont by the Corps of Engineers as a single-purpose flood
control project and was placed in operation in October 1961. Later
recreational activities were included as part of the reservoir man-
agement program. The project is one of two flood control reservoirs
on the West River and one of 16 flood control reservoirs within the
Connecticut River basin which are operated by the Corps of Engineers.
Ball Mountain Dam is a rolled earth and rockfill embankment structure,
915 feet in length and has a maximum height of 265 feet. Top width
of the dam is 20 feet and the side slopes vary from 1V on 1.75H to
1V on 2.5H. A general plan, including cross sections, is shown on
plates 4 and 5. When filled to spillway crest elevation, the reser-
voir has a flood control capacity of 52,450 acre-feet, which is
equivalent to 5.7 inches of runoff from the 172 square mile drainage
area. The reservoir length formed by this 810 acre pool is 6.5
miles. Other pertinent data are listed in table 1.

c. Downstream Valley. The river downstream from Ball Mountain
Dam travels through six small communities prior to reaching the Con-
necticut River at Brattleboro: Jamaica, East Jamaica, West Townshend,
Townshend, Harmonyville and West Dummerston, in downstream order.
Through this reach the river normally ranges from 50 to 300 feet in
width, with a corresponding flood plain ranging from zero near the
dam to as much as 2,000 feet in width near Jamaica and West Townshend.
The river channel drops approximately 340 feet between Ball Mountain
and Townshend Dams, a distance of 10 miles, and drops another 260 feet
between Townshend Dam and the confluence with the Connecticut River,
a distance of 19.5 miles. The average slope between Ball Mountain and
Townshend Dams is 34 feet/mile with the slope of the upstream portion
of this reach approaching 55 feet/mile. Characteristically, the up-
per portion of this reach also has a very narrow channel with steep
side slopes and a rapidly meandering flow pattern. The river below




TABLE 1

BALL MOUNTAIN DAM
PERTINENT DATA

Location: West River, Jamaica and Londonderry, Vermont

Drainage Area: 172 square miles

Reservoir:
Inlet Elevation 805.5 feet NGVD
Permanent Poo! 830.5 feet NGVD
Conservation Pool 870.5 feet NGVD
Spillway Crest 1017.0 feet NGYD
Dam:
Type Rolled earth and rockfill
embankment
Length 915 feet
Top Width 20 feet
Top Elevation 1052.0 feet NGVD
Maximum Height 265 feet
Spillway:
Type Uncontrolled, ogee weir and
chute spillway
Length 235 feet
Crest Elevation 1017.0 NGVYD
Surcharge 30 feet
Capacity 150,000 cfs
OQutlet Works:
Type Circular concrete-lined tunnel
Length 864 feet
Gates
Number: 3
Size: 5'8¢" x 10'0"

Normal Regutlated
Maximum Q 5,000 cfs

Maximum Capacity at
Spillway Crest 10,000 cfs



Townshend Dam flows in a meandering fashion with an average gradient
13 feet/mile to the Connecticut River. The Connecticut River from
the West River to Vernon Dam is much flatter with an average slope of
2 feet/mile. During times of low flow in the West River, Vernon Dam
creates a backwater effect which extends upstream into the West River
and controls flows at its lower end. During high flows, however,

the natural constriction at the end of the West River and its perpen-
dicular junction with the Connecticut River is the hydraulic control
section for flows in the lower end of the West River. The West

River is crossed by four State highways, US Route 5, two Boston &
Maine railroad lines and 4 local roads. Nondamaging channel capacity,
as reported in the Corps of Engineers Reservoir Regulation Manual

for the West River, is 5,000 cfs between Ball Mountain and Townshend
Dams and about 9,000 cfs between Townshend Lake and the Connecticut
River. Following is a brief description of the downstream dams in
their order of appearance:

{1) Townshend Dam. This flood control dam built and oper-
ated by the Corps of Engineers is located on the West River approxi-
mately 10 miles downstream from Ball Mountain Dam. It is a rolled
earth and rockfill structure with an impervious grout core. The dam
is 1,700 feet in length with a maximum height of 133 feet. Top
width of the dam is 25 feet with side slopes varying from 1V to 2H to
1V on 2.5H. The spillway is of the side-channel type with an uncon-
trolled ogee weir 439 feet long. Flood control storage is equal to
32,900 acre-feet when filled to spillway crest elevation. The length
of the reservoir at spiliway crest is 4.5 miles. Outlet works for
the reservoir consists of 3 gates, each measuring 7.5 x 17 feet, and
a 540-foot long horseshoe-shaped conduit.

(2) West Dummerston Dam. This dam is located approximately
22 miles downstream from Ball Mountain Dam in the town of Dummerston,
Vermont. It exists in a breached condition.

(3) Vernon Hydroelectric Project. This project is located
on the Connecticut River in the towns of Vernon, Vermont and Hinsdale,
New Hampshire, approximately 7 miles downstream from the West River's
confluence with the Connecticut. The project is a generai run-of-
the-river generating facility with limited storage and includes a con-
crete gravity dam which impounds 40,000 acre-feet when filled to the
top of the flashboards (220 NGVYD). At minimum operating pool level
(elevation 212 NGVD - spillway crest) the project provides 22,000
acre-feet of storage. Normal operation for the project provides for
the pool level ranging between 215 to 220 feet NGVD. The reservoir
length produced by a full pool is 26.5 miles. Due to its pool length
and elevation, the Vernon project operation normally controls the
water surface levels in the Tower reach of the West River.

4. ASSUMED DAM-BREAK CONDITIONS

a. General. The magnitude of a flood resulting from the hypo-
thetical failure of Ball Mountain Dam is a function of many different



parameters including size of the dam and reservoir, size of the breach,
initial pool level at both the breached dam and downstream dams, rate
of breach formation, channel and overbank roughness and antecedent

flow conditions. Engineering assumptions of conditions which could
reasonably be expected to occur during failure of Ball Mountain Dam
are listed below:

b. Selected Base Flood. Parameters and their values used in the
Base Flood profile analysis are given in the following tabulation:

Prebreach Flow Flow resulting from the flood of
21-23 September 1938 after routing
through flood control storage.
Assumed constant discharge of
10,000 cfs from outlet works at
both Ball Mountain and Townshend
Dams, with constant discharge
from the Vernon Hydroelectric
Project at the rate of 12,000
cfs.

Initial Pool Level Ball Mountain Dam - water surface
at spillway crest (elevation
1017.0 NGVD).

Townshend Dam - water surface at
elevation 537.8 NGVD. This ele-
vation corresponds to the maximum
water surface attained since the
dam has been in operation. It
occurred during the flood of 29
April 1969.

Vernon Hydroelectric Procject -
water surface at maximum oper-
ating pool level of 220.00 NGVD.

Breach Invert Elevation 794.2 NGVD (toe of
dam at upstream side}.

Breach Dimensions Ball Mountain Dam: base width =
125 feet; side siopes = 2V on 1H

Townshend Dam: base width = 60
feet; side slopes = 2V on TH

Time to Complete
Formation of Breach 1.25 hours




Downstream Channel Manning's "n" = 0.06 to 0.1 from

Roughness Ball Mountain Dam to Connecticut
River, 0.035 to 0.06 on the Con-
necticut River from West River
confluence to the Vernon Dam.

Downstream Dam Townshend Dam was assumed to fail

Failure by overtopping; failure time for
maximum breach width assumed
equal to 1 hour.

5. RESULTS

The resulting peak stage flood profile and inundation areas for the
Base Flood conditions are shown on plates 6 through 9. The timing of
the peak and leading edge of the flood wave are also indicated on the
plan and profile.

Development of the peak stage profile, discharge and stage hydro-
graphs for three stations downstream from Ball Mountain Dam are shown
on plate 10. The stations are located 3 miles downstream from the dam
at Jamaica, 13 miles downstream at Harmonyville, and 29.5 miles down-
stream at the junction of the West River with the Connecticut.

The peak dam-break discharge from Ball Mountain would be 1,454,000
cfs, producing 123 feet of rise above the normal depth 0.1 mile down-
stream from the dam. From Ball Mountain Dam to Jamaica, the peak flow
would attenuate to a flow of 1,116,000 cfs and the river rise would de-
crease to about 72 feet above normal flow conditions.

At Townshend Dam, the flood wave would be further attenuated
through reservoir storage; however, the wave would overtop Townshend
Dam by approximately 3 feet for a short period of time. It is con-
servative practice to assume that any overtopping of an earthern em-
bankment dam will begin a breach failure. In this case, the failure
time for maximum breach formation was estimated to be 1 hour. Down-
stream from Townshend Dam the wave would reach a maximum flow rate of
470,000 cfs and produce a river rise approximately 46 feet above nor-
mal depth at a point 0.1 mile downstream from Townshend Dam. At
Harmonyville the peak discharge would be reduced to 370,000 cfs with a
subsequent rise above normal fiow stage of 51 feet. The flow would be
further attenuated over the next 16.5 miles such that the peak flow at
the mouth of the West River would be 156,000 cfs with a resultant
river rise above normal flow conditions of approximately 64 feet. The
constriction at the mouth of the West River aids in the development of
this high stage. As the floodflow passes into the Connecticut River,
the water level would drop approximately 30 feet to a stage approxi-
mately 20 feet above normal depth.

The dam-break analysis was terminated at the Vernon Hydroelectric



Project since the water surface elevation produced from the dam-break
flood analysis approximated the experienced 1936 high watermark at
this point.

6. SENSITIVITY TESTS

In addition to the analysis under the assumed Base Flood conditions,
subsequent studies were made to determine the sensitivity of certain
selected parameters on the resulting downstream fiood. These were made
by applying the model to the same data set used for the Base Flood,
except that one parameter would be varied in each simulation. Following
is a 1isting of the variables used in the sensitivity testing and a
discussion of the results of each test.

a. Initial Pool Level. The most important factor in determining
the magnitude of a dam-break flood is the level of the reservoir when
the breach occurs. Although a full reservoir condition was assumed for
the Base Flood, two additional cases were analyzed for sensitivity
testing. In one, it was assumed that Ball Mountain Reservoir was 50
percent full at 975 feet NGVD and in the other it was assumed that
instead of the maximum historical water surface level of 537.8 feet
NGVD at Townshend Reservoir (approximately 65 percent of full pool),

a full pool elevation of 553 feet NGVD would exist. Comparative
water surface profiles were developed and are shown on plate 11.

With Ball Mountain Reservoir one-half full, the analysis
shows that discharge decreased by almost 40 percent below the dam with
an associated drop in stage of 20 to 30 feet from the Base Flood con-
dition. Under this condition there is no overtopping or failure at
Townshend Dam and both discharge and flood stage below Townshend are
reduced by approximately 70 percent and 30 feet, respectively.

In the case of full pool level at Townshend Dam, there are
only minor changes from the Base Flood conditions between Ball Moun-
tain and Townshend Dams; however, discharge and flood stage below
Townshend Dam increase by approximately 10 percent and 5 to 10 feet,
respectively.

b. Prebreach Flow Conditions. The Base Flood analysis assumed
a high fiow already occurring in the river at the time of dam-break.
This was considered appropriate since if a dam-break were to occur,
it is quite conceivable that it would do so at a time of abnormally
high flow conditions. Base-flow conditions were selected to equal
the recurring record September 1938 floodflows as modified by the
existing system of Corps of Engineers flood control reservoirs,
namely, Ball Mountain, Townshend, Union Viilage, North Hartland and
North Springfield projects. Model input data were set such that the
experienced peak of the September 1938 flood hydrograph (30,500 cfs)
was flowing into Ball Mountain Reservoir at the time of dam-break.
During the period of reservoir emptying, inflow continued with the
recessional side of the 1938 hydrograph. Flood control conduit




outflow from Ball Mountain and Townshend Dams were assumed to be
10,000 cfs at each project. The estimated 1938 flood hydrograph,
beginning at a peak of 19,500 cfs and continuing with the recessional
side of the hydrograph, was used to account for inflow from drainage
area where Turkey Mountain Brook and Wardsboro Brook join the West
River. Constant flow rates estimated at 3,000 and 6,000 cfs and cor-
responding to the 1938 flood were also fed in at the YWest River's
confluence with Grassy Brook and Rock River, respectively. The esti-
mated modified September 1938 flood hydrograph, routed down the Con-
necticut River was then added at the confluence with the West River.
The adopted initial (at instant of dam-break) antecedent and com-
parative experienced 1938 discharges are shown in table 2,

A sensitivity analysis was made assuming Tower antecedent
riverflow at the time of dam-break and the resulting comparative
flood stages are shown on plate 11. The lower range of the reces-
sional side of the September 1938 flood hydrograph was used for the
inflow to Ball Mountain Reservoir. However, it was assumed that no
discharge was occurring in any of the downstream tributaries. As
can be seen in the profile on plate 11, Townshend Dam did not fail
in this case and the resultant downstream flood stage was substan-
tially lower than the Base Flood condition.

¢. Duration of Dam-Break. The selected duration of the breach
development for the Base Flood condition was 1.25 hours. For the
sensitivity tests, analyses were also made for 2 and 4 hours. These
longer breach development durations resulted in changes of less than
10 percent in resulting maximum flood levels in the upper portion of
the study reach (above Townshend Dam) and essentially no change in
the Tower portion. The principal reason for the minor variation
downstream was the dampening of the flood wave that occurred as a
result of storage in Townshend Reservoir. The comparative effects of
the three durations on the downstream flood profile are iilustrated
on plate 12.

d. Breach Width. The breach width was set at 125 feet for the
Base Flood analysis. For sensitivity testing, two additional cases
were analyzed with breach widths of 60 and 325 feet. As shown by
the comparative profiles on plate 12, varying the breach width made
only minor changes in the flood stages on the West River above
Townshend Dam and essentially no change downstream.

e. Channel Roughness. Manning's "n" sensitivity tests were
made to determine their effect on downstream flood attenuation,
resulting stages and timing. Tests were made with Manning's "n
values 20 percent greater and 10 percent less than that used in the
base flood condition. Lowering of the channel roughness resulted
in faster movement of the flood wave and less attenuation. How-
ever, as illustrated on plate 13, the resulting variation in the
downstream profile was negligible amounting to only a few feet
change from the Base Flood profile. The most significant effect of
varying the channel roughness was the difference in timing of the

L]



TABLE 2

ANTECEDENT FLOODFLOW CONDITIONS

FOR BALL MOUNTAIN DAM-BREAK AHALYSIS

Location

West River

Londonderry, VI
(8 miles u/s
from Ball Mtn
Dam)

West Townshend, VT
{Between Ball Mtn
Dam and Townshend
Dam, 7 miles d/fs

from Ball Mtn Dam)

Newfane, VT

(17 miles d/s

from Ball Mtn Dam;
7 miles d/s from
Townshend Dam)

Connecticut River

Vernon, VT
(37 miles d/s
from Ball Mtn
Dam)

Adopted Ante-
cedent Flows

{cfs)

30,500

29,500

13,000

106,200

Experienced
September 1938
Flows

(cfs)

30,500 (est)

50,000* {est)

52,300*

114 ,000%*

* Experienced peak flow rate; not actually simultaneous
with the peak flow rate into Ball Mountain Reservoir

** Experienced discharge of the Connecticut River at
Vernon Dam occurring simultaneously with the peak

flow rate into Ball Mountain Reservoir



peak fiood stage. At Brattleboro, this timing varied from approxi-
mately 7 to 8.5 hours for the Towest to the highest "n" values,

respectively.
7. DISCUSSION

The dam-break analysis for Ball Mountain Dam was based on the
engineering application of certain laws of physics, considering the
hydrologic and hydraulic characteristics of the project and down-
stream channel, and conditions of failure. Due to the highly un-
predictable nature of a dam-break and the ensuing sequence of events,
the results of this study should not be viewed as exact but only as
an approximate quantification of the dam-break flood potential. For
purposes of analysis, downstream conditions are assumed to remain
constant and no allowance is made for possible enlargement or re-
location of the river channel due to scour or the temporary dam-
ming effect of debris all of which could affect, to some extent, the
resulting magnitude and timing of flooding downstream.

10
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